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The body variable associated with the diagnosis of Metabolic Syndrome (MetS) is an ele-
vated waist circumference (WC), although a number of other variables have been sug-
gested. Among these, an elevated waist-to-height ratio (WHtR), ie a value higher than 0.5,
that may identify abnormality, independently from height. An elevated WHtR provided the
best correlation with MetS in a prior study in a large Italian population. In order to assess the
validity of this conclusion, a long-term follow-up study re-examined this population, also in
order to detect possible associations with cardiovascular (CV) risk.
Methods and results
1,071 subjects with a complete follow-up of over 6 years were evaluated with a comparative
assessment of the three anthropometric variables, namely WHtR, WC and body mass index
(BMI). WHtR 0.5 had the highest sensitivity for the identification of MetS, both in males
and females (94.1% and 86.7% respectively). WHtR was of reduced specificity, occurring,
yet less frequently (17.7% in males and 30% in females), in patients without MetS. By con-
trast, enlarged WC occurred with a lower frequency in male patients who developed MetS
(30.2%) whereas in females, frequency was higher than in males (69.3%). Finally, a BMI
25 kg/m2 had intermediate sensitivity and specificity regardless of gender. WC showed the
highest odds ratio (2.62, 95%CI: 1.18–5.78) for the prediction of CV occurrence.
Conclusion
The present study confirms WHtR as an excellent screening tool in identifying MetS carriers,
but, different from reports in other countries, it shows a lower specificity in our population.
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1. Introduction
The profile of Metabolic Syndrome (MetS), ie the association of biochemical features (low
high-density lipoprotein (HDL) cholesterol, hypertriglyceridemia and hyperglycemia), body
variable (i.e. waist circumference (WC) 102 cm in male and 88 cm in female) and elevated
blood pressure (BP), is widely accepted. There is, however, some variability in the diagnostic
criteria, particularly relative to the body variable/s [1]. Further, the assessment of the relative
influence of each risk factor on the cardiovascular (CV) risk has led to partially discordant con-
clusions [2]. Indeed, hypertension is likely to be the most significant MetS variable associated
with arterial disease [3]; while other authors favor low HDL-C [4], and some others abdominal
obesity [5] or hyperglycemia [6].
The recommendation to measure WC rather than body mass index (BMI) has been based
on the central role of abdominal obesity in MetS [7], but the use of WC or, alternatively, of
BMI as a predictor of CV risk is still debated, since contradictory data have come out of epide-
miological studies [8, 9]. Among others, the Reaven’s group has repeatedly indicated that body
variables do not significantly contribute to the CV risk, or even to the diagnosis of MetS [10].
The weakness of WC as a risk index is the considerable variability in threshold [1], among oth-
ers indicating that there may be little difference in the predictive value between larger or
smaller thresholds (Europid or American) [1]. Recently, however, a Swedish study indicated a
higher CV risk for individuals with a larger WC, compared to those with a smaller one [11].
Thus, it was of special interest to evaluate a large series of well-characterized individuals from
the Mediterranean area for whom an early report indicated that the waist-to-height ratio
(WHtR) was the best predictor of MetS (more so than WC) [12] and, further, that raised
WHtR was associated with an increased progression of carotid intima-media thickness (cIMT)
[13].
The follow-up of this patient series has given the opportunity to re-evaluate the reliability of
these findings after a period of 6 years. Hence, this study attempted to either confirm or refute
the predictive value of WHtR, compared to WC and BMI, on the occurrence of MetS. The pos-
sible association of these variables with the CV risk was also evaluated.
2. Methods
2.1 Subjects
The baseline study population has been previously described. Briefly, 1,104 subjects were
recruited among those attending the Dyslipidemia Center of the ASST Grande Ospedale
Metropolitano Niguarda, Milan in 2008 [12]. After 6 years of follow-up the cohort was com-
posed of 1,071 subjects, ie 539 males (57.8 ± 12.8 years (y), mean ± standard deviation (SD)
and 532 females (63.9 ± 11.1 y, mean ± SD). The study protocol of this observational study was
approved by the Ethical Committee of the ASST Grande Ospedale Metropolitano Niguarda. A
signed consent form was obtained from all of the participants. The study conforms to the Ethi-
cal guidelines of the 1975 Declaration of Helsinki. Vascular events at baseline and over a
period of 6 years were recorded in the medical electronic records by a hospital physician. Pre-
existing CV disease was defined in participants with a previous diagnosis of angina, acute myo-
cardial infarction, stroke and peripheral arterial disease. All determinations were performed in
the morning of the clinical examination.
Blood samples were taken after a 12 h overnight fast. Serum lipids, lipoproteins and glucose
were determined by standard procedures as used in the institution [14, 15]. Weight and height
were measured using the same equipment and WC was measured at umbilical level [16] on
subjects standing and breathing normally as indicated by Kagawa et al. [16] These Authors
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compared different “waist” measurements, calculated using the narrowest point between the
lower costal border and the top of the iliac crest and at the level of the umbilicus and concluded
that sensitivity of measurement of excess percent body fat and percent total fat increased more
significantly by using the umbilical measurement, particularly in females. Mason and Katz-
marzyk [17] further indicated that the prevalence of MetS is modestly influenced by the ana-
tomic site of WC measurement. WHtR was defined as the ratio between WC and height. BMI
was calculated as weight in kilograms divided by square of the height in meters. Systolic and
diastolic BPs were measured in subjects in a sitting position with a mercury sphygmomanome-
ter after a 2-minute rest.
2.2 Definition of MetS
To allow a direct comparison with previous data, MetS was diagnosed according to the Ameri-
can Heart Association/National Heart, Lung and Blood Institute (AHA/NHLBI) guidelines
[18, 19] as the clustering of three or more of the following features, namely, systolic BP (SBP)
 130 mmHg and/or diastolic BP (DBP) 85 mmHg and/or currently receiving medications;
fasting glucose (FG) 100 mg/dL and/or currently receiving medication; fasting triglycerides
(TG) 150 mg/dL and/or currently use of medications; HDL cholesterol < 40 mg/dL for
males and< 50 mg/dL for females and WC 102 cm for males and 88 cm for females.
2.3. Statistical analysis
Continuous variables are presented as means ± SD, and categorical variables as cases (n) or
percentages (%). Prevalence of obesity-related risk factors in MetS are presented as percentage
values and stratified by gender. Sensitivity and specificity for the identification of MetS, as the
clustering of two or more coronary risk factors plus the anthropometric one, were investigated
using each of the proposed indices, that is, an enlarged WC according to AHA/NHLBI criteria,
BMI 25 kg/m2 and WHtR 0.5.
Comparisons between baseline and follow-up were performed using paired Student’s
2-tailed t-test. Receiver operating characteristic (ROC) curves for the clustering of two or
more coronary risk factors were produced for each anthropometric variable; the values of the
indices that maximized the Youden index (sensitivity + specificity– 1) were defined as optimal.
Odds ratios and their 95% confidence intervals (CI), were calculated by univariate logistic
regression analysis. All reported P values< 0.05 were considered as statistically significant.




The characteristics of study participants at baseline and after the 6-year follow-up are pre-
sented in Table 1. The increase in the use of statins, likely related to the higher number of
patients in secondary prevention, was accompanied by the reduction of low-density lipopro-
tein (LDL) cholesterol and the increase of HDL-cholesterol. Notably, FG and the prevalence
of type 2 diabetes mellitus increased at follow-up in both genders, possibly related to an
increment in statin usage [20]. Relative to the percentage of diagnostic criteria at follow-up,
20.8% of subjects were carriers of 3, 12.0% of 4 and 3.9% of 5 diagnostic criteria. These per-
centages were almost identical to those observed at baseline (ie 20.8%, 12.4% and 2.8%,
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respectively). A small subgroup (10.5% of the total sample) had newly diagnosed MetS at the
follow-up.
3.2 Prevalence of anthropometric variables and cardio-metabolic risk
factors of MetS
The relative proportion of obesity-related risk factors, defined by the three proposed anthropo-
metric indices (BMI 25 kg/m2, WHtR 0.5 and WC 88 cm for females and 102 cm for
males) remained almost unchanged over the baseline data, with a WHtR 0.5 being overall
more prevalent (89.1% and 77.2%, in males and females, respectively). A prevalence of all the
three factors increased significantly from baseline in males, whereas in females only the pres-
ence of an enlarged WC was raised at follow-up (from 47.2% to 51.7%). Interestingly, altered
anthropometric indices remained higher in males versus females, with the exception of WC,
retaining an almost two-fold higher prevalence in females (Table 1).
As a further step, we assessed which obesity-related index was more strongly associated to
the clustering of more than one non-anthropometric variable for MetS. Thus, as shown in
Table 2, we calculated the prevalence of MetS using the three proposed anthropometric vari-
ables as a substitute for the classical anthropometric criterion. WHtR 0.5 gave the highest
prevalence of MetS in males, followed by BMI 25 kg/m2. Conversely, in females, there was
little difference in the predictive value among the three body variables.





Baseline Follow-up P Baseline Follow-up P
Age years (mean ± SD) 57.8 ± 12.8 63.8 ± 12.8 63.9 ± 11.1 69.9 ± 11.1
BMI (kg/m2) 26.0 ± 3.0 26.1 ± 3.2 0.017 24.5 ± 3.7 24.6 ± 3.9 0.270
WC (cm) 94.3 ± 8.1 95.4 ± 8.4 0.000 87.3 ± 10.7 88.2 ± 10.6 0.000
Total cholesterol (mg/dL) 213.9 ± 44.3 212.2 ± 45.9 0.401 230.7 ± 41.8 229.3 ± 43.2 0.461
LDL cholesterol (mg/dL) 138.1 ± 47.6 132.0 ± 47.6 0.001 150.5 ± 39.3 141.8 ± 41.0 0.000
TG (mg/dL) 162.3 ± 161.3 157.8 ± 126.2 0.473 116.3 ± 60.6 121.6 ± 65.6 0.034
HDL cholesterol (mg/dL) 43.4 ± 11.8 48.6 ± 13.0 0.000 57.0 ± 15.9 63.2 ± 16.2 0.000
FG (mg/dL) 90.6 ± 16.9 95.5 ± 21.6 0.000 85.3 ± 14.8 89.3 ± 15.7 0.000
DBP (mmHg) 77.3 ± 8.3 80.0 ± 7.8 0.000 77.3 ± 7.9 79.3 ± 7.2 0.000
SBP (mmHg) 128.1 ± 13.6 130.5 ± 13.5 0.000 130.5 ± 15.4 131.1 ± 14.0 0.309
T2DM (%) 51 (9.5) 65 (12.1) 0.003 25 (4.7) 43 (8.0) 0.001
Hypertension (%) 382 (70.9) 394 (73.1) 0.261 381 (70.6) 397 (73.6) 0.154
Primary prevention (%) 405 (75.1) 392 (72.7) 0.000 482 (89.5) 469 (87.0) 0.000
Secondary prevention (%) 134 (24.9) 147 (27.3) 0.000 57 (10.5) 70 (13.0) 0.000
BMI 25 kg/m2 (%) 57.5 (310) 61.1 (329) 0.022 41.2 (219) 42.2 (225) 0.466
WHtR 0.5 (%) 86.1 (464) 89.1 (480) 0.019 74.8 (398) 77.2 (411) 0.094
WC 102 cm (males); 88 cm (females) (%) 18.4 (99) 21.5 (116) 0.029 47.2 (251) 51.7 (275) 0.001
Statins (%) 228 (42.3) 258 (47.9) 0.000 273 (50.7) 286 (53.1) 0.002
Fibrates (%) 123 (22.8) 106 (19.7) 0.001 46 (8.5) 51(9.4) 0.960
Antihypertensives (%) 247 (45.8) 266 (49.4) 0.000 248 (46.0) 263 (48.8) 0.000
Values are expressed as means ± SD or as number of cases and percentage. Comparisons between baseline and follow-up were calculated by paired t-test. BMI, body
mass index; WC, waist circumferences; LDL, low-density lipoprotein; TG, triglycerides; HDL, high-density lipoprotein; FG, fasting glucose; DBP, diastolic blood
pressure; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; WHtR, waist-to-height ratio.
https://doi.org/10.1371/journal.pone.0192751.t001
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3.3 Sensitivity and specificity of anthropometric variables on the
identification of MetS and association with CV events
Specificity and sensitivity of the proposed anthropometric variables in the identification of the
clustering of two or more risk factors of MetS are shown in Table 3. Sensitivity, ie the percent
association with a correctly identified MetS, was 94.1 in males and 86.7 in females, for a
WHtR > 0.5, clearly indicating an optimal association of this variable with a well-defined
MetS. WHtR was of reduced specificity; indeed, it occurred, albeit less frequently (17.7% in
males and 30% in females) in patients without MetS.
By contrast, enlarged WC occurred with a lower frequency in patients who developed
MetS, particularly in males (sensitivity 30.2%) whereas in females, frequency was higher (sensi-
tivity 69.3%), although below that of WHtR. Specificity was elevated in both genders (90.5 for
males and 61.8 for females), indicating that the vast majority of MetS carriers have enlarged
WC, and this occurs seldom in non-carriers. Finally, a BMI 25 kg/m2 had intermediate sen-
sitivity and specificity regardless of gender (Table 3).
Of note, among to the 10.5% of subjects (55 males and 57 females) with a newly diagnosis
of MetS at follow-up, WHtR 0.5 showed the highest sensitivity (96.3% and 91.1% for males
and females, respectively) compared to BMI and WC.
The ROC curves for a comparative assessment of sensitivity and specificity of the different
anthropometric indices were, therefore, evaluated (Fig 1). Areas under the curve (AUCs) did
not clearly indicate the best anthropometric index. Assessment of the best WHtR cut-off by
the Youden index confirmed 0.5 as the best boundary for both genders. The maximum value
of the Youden index may be used as a criterion for selecting the optimal cut-off. The Youden
Table 2. Prevalence (%) of metabolic syndrome based on anthropometric variables.
Presence of obesity-related risk factor based on anthropometric index Prevalence of Metabolic Syndrome (%)
Males (n = 539) Females (n = 532)
Baseline Follow-up P value Baseline Follow-up P value
BMI 25 kg/m2 51.9 49.5 0.234 31.8 32.9 0.541
WHtR 0.5 57.9 55.4 0.234 38.4 39.7 0.522
WC 102 cm (males); 88 cm (females) 38.4 38.3 1.000 33.7 35.2 0.438
MetS, metabolic syndrome; BMI, body mass index; WHtR, waist-to-height ratio; WC, waist circumference
https://doi.org/10.1371/journal.pone.0192751.t002
Table 3. Sensitivity and specificity for the identification of clustering of two or more risk factors of MetS in both genders.
Males (n = 539)
Sensitivity (%) Specificity (%)
Two or more risk factors Baseline Follow-up P value Baseline Follow-up P value
BMI 25 kg/m2 69.3 70.4 0.78 60.6 51.8 0.09
WHtR 0.5 92.9 94.1 0.60 24.4 17.7 0.12
WC 102 cm (males); 88 cm (females) 25.2 30.2 0.15 92.0 90.5 0.46
Females (n = 532)
Sensitivity (%) Specificity (%)
Two or more risk factors Baseline Follow-up P value Baseline Follow-up P value
BMI 25 kg/m2 56.3 55.8 0.80 69.8 68.6 0.78
WHtR 0.5 87.5 86.7 0.80 34.4 30.0 0.29
WC 102 cm (males); 88 cm (females) 65.2 69.3 0.11 65.9 61.8 0.30
MetS, metabolic syndrome; BMI, body mass index; WHtR, waist-to-height ratio; WC, waist circumference
https://doi.org/10.1371/journal.pone.0192751.t003
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index is also defined as “informedness” or the probability of an informed decision (as opposed
to a random guess). The Youden index also suggested an increase in the WC cut-offs com-
pared to baseline (from 91.7 cm to 95.5 cm in males and from 84.7 cm to 86.5 cm in females)
and it also indicated a slightly higher boundary value for BMI in both genders (from 24.7 to
26.5 kg/m2).
After excluding subjects with CV events at baseline, a sub-analysis was performed to test
the association between anthropometric indices and CV events. Table 4 reports the odds ratios
(ORs) for CV events: elevated WC had the highest (2.62, CI 1.18–5.78; p = 0.017), statistically
significant, OR, followed by WHtR and BMI.
4. Discussion
The evaluation of CV risk associated with MetS has become a standard goal in clinical practice.
This goal includes the best choice of variables, both biochemical and body structure associated,
allowing an optimal diagnosis of MetS, as well as providing a possible marker for CV risk pre-
diction. Body variables associated with MetS have gained considerable interest, also in view of
their simplicity of assessment and, in the case of WHtR, of the apparent uniformity of findings
in different populations with marked differences in height [21]. In the present report, we eval-
uated, in a retrospective fashion, a series of over 1,000 patients from the same location and
with an over 6-year follow-up with > 95% completeness of data [12].
A difference of 6–7 years between evaluations carries significant weight, since longitudinal
analyses such as in the Uppsala County in Sweden, clearly indicated that a 5-year difference in
age is associated with a significantly higher prevalence of MetS and, more so, of MetS compo-
nents [22]. In addition, a long-term follow-up report found that the severity of MetS worsens
with time [23]. In the present report, a considerable stability of the major biochemical and par-
ticularly body variables may be appreciated. The body variable reported at baseline as most fre-
quent and most sensitive, ie WHtR with a breakpoint of 0.5, consistent with values in a large
number of populations, maintained these qualifications.
The present study was also aimed at the re-evaluation of the predictive values of the three
anthropometric indices assessed at baseline on the long-term development of MetS, as well as
possibly, with CV events. Elevated WHtR was the index with the highest sensitivity, close to
100% for predicting the development of MetS; it had, however, a reduced specificity. Con-
versely, enlarged WC, particularly in males, had an elevated specificity, albeit with a lower
sensitivity.
The ROC curves for the three body variables provided evidence of the validity of all three as
predictive markers of MetS (Fig 1). While differences between these curves did not reach a sta-
tistical significance, the observed changes in these body variables, proved to be of definite
Fig 1. ROC curves for the different anthropometric indices. Cut-off values were assessed by the Youden index.
https://doi.org/10.1371/journal.pone.0192751.g001
Table 4. Odds ratios (95% confidence interval (CI) for the association between cardiovascular events and three
anthropometric indexes as criteria for MetS definition.
Definition of MetS: Odds ratio p value
BMI 25 kg/m2 2.11 (0.96–4.64) 0.650
WHtR 0.5 1.65 (0.75–3.63) 0.216
WC 102 cm (males); 88 cm (females) 2.62 (1.19–5.78) 0.017
MetS, metabolic syndrome; BMI, body mass index; WHtR, waist-to-height ratio; WC, waist circumferences.
https://doi.org/10.1371/journal.pone.0192751.t004
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clinical validity. In particular, it could be confirmed that WHtR has an excellent sensitivity,
but a relatively low specificity, ie occurring frequently in non-MetS carriers. This finding may
possibly explain the relatively low CV predictivity. Instead, WC, with a lower sensitivity but a
high specificity, provided the highest ORs when tested in terms of prediction of CV events
(Table 4).
This last conclusion contrasts, however, with data from the large meta-analysis by Ashwell
et al. [21] on cardio-metabolic risk factors, involving more than 300,000 adults from several
ethnic groups, assessing the discriminatory power of anthropometric indices in distinguishing
adults with hypertension, type 2 diabetes, dyslipidemia, MetS and general CV outcomes. In
this study, WHtR provided a significantly greater discriminatory power, compared to WC and
BMI. In particular, WC improved discrimination for CV outcomes by 3% compared to BMI,
whereas WHtR improved discrimination by 4–5% over BMI. In their study, by evaluating
AUCs, WHtR proved to be a significantly better predictor compared to WC for diabetes,
hypertension and all CV outcomes in both genders. In a prior investigation on this patient
series, enlarged WHtR appeared to be associated to a raised progression of the cIMT, but the
proposed association with a raised CV risk does not appear to be supported by the data of the
present report [13].
The present study confirms WHtR as an excellent screening tool in identifying MetS carri-
ers, but probably because of the lower specificity in our population, it did not appear to
improve the prediction of CV outcomes. It should be noted that in the large UK meta-analysis
[21] only 7 out of 32 considered studies provided data on AUC improvement (WHtRWC)
and only for 6 populations data from both genders are reported. While the authors indicated
that overall studies were consistent in showing a better association of CV outcomes with
WHtR >WC > BMI, not all differences were statistically significant. WHtR was 9% better
than BMI in predicting CV risk in males, but values for WC in females were not significantly
better vs BMI. In men and women WHtR gave significantly better discrimination than WC for
all outcomes, apart from the development of MetS, in which case WHtR did better only in
women, possibly indicating that the considered populations differ from the one considered in
the present report, where raised WHtR appears to be a most frequent finding in females [24].
Interestingly, however, in a follow-up of their study, Ashwell and Gibson indicated that a
WHtR 0.5 may provide an early, simple and very predictive health risk indicator [25].
The present report thus provides clear evidence of a significant prevalence of MetS in mid-
dle-aged individuals from an Italian population. A limitation is that findings may not be trans-
ferable to other populations: a full generalizability of results from this large series may be, of
course, the geographical location and the Caucasian ethnicity. In addition, life habits were not
fully evaluated, eg physical activity, alcoholic beverages and the intake of drugs not reported in
Table 1. The relatively low number of CV events could potentially limit the interpretability of
the reported findings. The low CV risk is, however, in line with the recent observation of a sub-
stantially lower 5-year incidence of CV events (eg, 1.85% over 5 years in patient group with a
predicted risk > 5%) [26], in a contemporary real-world non-diabetic population. Our find-
ings may also support the very recent suggestion by Lee et al. [27] that body fat quantity and
decreasing fat attenuation by computed tomography (CT), are linked to increased CV risk. In
the present report, in fact increased abdominal fat, as witnessed by a raised WC, generally asso-
ciated with fat attenuation and adipocyte hyperplasia [28], appeared to be the best anthropo-
metric variable, predicting CV risk [29].
Author Contributions
Conceptualization: Massimiliano Ruscica.
Body variables in metabolic syndrome
PLOS ONE | https://doi.org/10.1371/journal.pone.0192751 February 12, 2018 8 / 10
Data curation: Chiara Pavanello, Margherita Botta, Massimiliano Ruscica.
Formal analysis: Chiara Pavanello, Anna Maria Zanaboni, Sabrina Gaito.
Investigation: Giuliana Mombelli, Cesare R. Sirtori.
Methodology: Cesare R. Sirtori.
Software: Sabrina Gaito.
Supervision: Cesare R. Sirtori.
Writing – original draft: Cesare R. Sirtori, Massimiliano Ruscica.
References
1. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. Harmonizing the meta-
bolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epide-
miology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of
Obesity. Circulation. 2009 Oct 20; 120(16):1640–5. https://doi.org/10.1161/CIRCULATIONAHA.109.
192644 PMID: 19805654.
2. Hopps E, Noto D, Caimi G, Averna MR. A novel component of the metabolic syndrome: the oxidative
stress. Nutr Metab Cardiovasc Dis. 2010 Jan; 20(1):72–7. https://doi.org/10.1016/j.numecd.2009.06.
002 PMID: 19747805.
3. Mancia G, Bombelli M, Corrao G, Facchetti R, Madotto F, Giannattasio C, et al. Metabolic syndrome in
the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) study: daily life blood pressure, car-
diac damage, and prognosis. Hypertension. 2007 Jan; 49(1):40–7. https://doi.org/10.1161/01.HYP.
0000251933.22091.24 PMID: 17130308.
4. Salminen M, Kuoppamaki M, Vahlberg T, Raiha I, Irjala K, Kivela SL. The metabolic syndrome defined
by modified International Diabetes Federation criteria and mortality: a 9-year follow-up of the aged in
Finland. Diabetes Metab. 2010 Dec; 36(6 Pt 1):437–42. https://doi.org/10.1016/j.diabet.2010.05.002
PMID: 20708423.
5. Wang GS, Tong DM, Chen XD, Yang TH, Zhou YT, Ma XB. Metabolic Syndrome Is a Strong Risk Fac-
tor for Minor Ischemic Stroke and Subsequent Vascular Events. PLoS One. 2016; 11(8):e0156243.
https://doi.org/10.1371/journal.pone.0156243 PMID: 27536865. Pubmed Central PMCID:
PMC4990187.
6. Akbaraly TN, Kivimaki M, Ancelin ML, Barberger-Gateau P, Mura T, Tzourio C, et al. Metabolic syn-
drome, its components, and mortality in the elderly. J Clin Endocrinol Metab. 2010 Nov; 95(11):E327–
32. https://doi.org/10.1210/jc.2010-0153 PMID: 20810578. Pubmed Central PMCID: PMC2968732.
7. Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature. 2006 Dec 14; 444
(7121):881–7. https://doi.org/10.1038/nature05488 PMID: 17167477.
8. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K, et al. General and abdominal
adiposity and risk of death in Europe. N Engl J Med. 2008 Nov 13; 359(20):2105–20. https://doi.org/10.
1056/NEJMoa0801891 PMID: 19005195.
9. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, et al. Body-Mass Index in 2.3 Million
Adolescents and Cardiovascular Death in Adulthood. N Engl J Med. 2016 Jun 23; 374(25):2430–40.
https://doi.org/10.1056/NEJMoa1503840 PMID: 27074389.
10. Salazar MR, Carbajal HA, Espeche WG, Aizpurua M, Maciel PM, Reaven GM. Identification of cardio-
metabolic risk: visceral adiposity index versus triglyceride/HDL cholesterol ratio. Am J Med. 2014 Feb;
127(2):152–7. https://doi.org/10.1016/j.amjmed.2013.10.012 PMID: 24462013.
11. Schmidt C, Bergstrom GM. The metabolic syndrome predicts cardiovascular events: results of a 13-
year follow-up in initially healthy 58-year-old men. Metab Syndr Relat Disord. 2012 Dec; 10(6):394–9.
https://doi.org/10.1089/met.2012.0048 PMID: 22827808.
12. Mombelli G, Zanaboni AM, Gaito S, Sirtori CR. Waist-to-height ratio is a highly sensitive index for the
metabolic syndrome in a Mediterranean population. Metab Syndr Relat Disord. 2009 Oct; 7(5):477–84.
https://doi.org/10.1089/met.2008.0101 PMID: 19492953.
13. Mombelli G, Pavanello C, Castelnuovo S, Bosisio R, Simonelli S, Pazzucconi F, et al. Indicators of car-
diovascular risk in metabolic syndrome: long term follow-up in Italian patients. Curr Vasc Pharmacol.
2017 Jan 26. https://doi.org/10.2174/1570161115666170126124149 PMID: 28128067.
Body variables in metabolic syndrome
PLOS ONE | https://doi.org/10.1371/journal.pone.0192751 February 12, 2018 9 / 10
14. Franceschini G, Cassinotti M, Vecchio G, Gianfranceschi G, Pazzucconi F, Murakami T, et al. Prava-
statin effectively lowers LDL cholesterol in familial combined hyperlipidemia without changing LDL sub-
class pattern. Arterioscler Thromb. 1994 Oct; 14(10):1569–75. PMID: 7918306.
15. Sirtori CR, Calabresi L, Franceschini G, Baldassarre D, Amato M, Johansson J, et al. Cardiovascular
status of carriers of the apolipoprotein A-I(Milano) mutant: the Limone sul Garda study. Circulation.
2001 Apr 17; 103(15):1949–54. PMID: 11306522.
16. Kagawa M, Byrne NM, Hills AP. Comparison of body fat estimation using waist:height ratio using differ-
ent ’waist’ measurements in Australian adults. Br J Nutr. 2008 Nov; 100(5):1135–41. https://doi.org/10.
1017/S0007114508966095 PMID: 18341757.
17. Mason C, Katzmarzyk PT. Effect of the site of measurement of waist circumference on the prevalence
of the metabolic syndrome. The American journal of cardiology. 2009 Jun 15; 103(12):1716–20. https://
doi.org/10.1016/j.amjcard.2009.02.018 PMID: 19539081.
18. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis and manage-
ment of the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Insti-
tute Scientific Statement. Circulation. 2005 Oct 25; 112(17):2735–52. https://doi.org/10.1161/
CIRCULATIONAHA.105.169404 PMID: 16157765.
19. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis and manage-
ment of the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Insti-
tute scientific statement. Curr Opin Cardiol. 2006 Jan; 21(1):1–6. PMID: 16355022.
20. Ruscica M, Macchi C, Morlotti B, Sirtori CR, Magni P. Statin therapy and related risk of new-onset type
2 diabetes mellitus. Eur J Intern Med. 2014 Jun; 25(5):401–6. https://doi.org/10.1016/j.ejim.2014.03.
003 PMID: 24685426.
21. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better screening tool than waist circumference
and BMI for adult cardiometabolic risk factors: systematic review and meta-analysis. Obes Rev. 2012
Mar; 13(3):275–86. https://doi.org/10.1111/j.1467-789X.2011.00952.x PMID: 22106927.
22. Roos V, Elmstahl S, Ingelsson E, Sundstrom J, Arnlov J, Lind L. Metabolic Syndrome Development
During Aging with Special Reference to Obesity Without the Metabolic Syndrome. Metab Syndr Relat
Disord. 2017 Feb; 15(1):36–43. https://doi.org/10.1089/met.2016.0082 PMID: 27754771.
23. Vishnu A, Gurka MJ, DeBoer MD. The severity of the metabolic syndrome increases over time within
individuals, independent of baseline metabolic syndrome status and medication use: The Atherosclero-
sis Risk in Communities Study. Atherosclerosis. 2015 Nov; 243(1):278–85. https://doi.org/10.1016/j.
atherosclerosis.2015.09.025 PMID: 26409627. Pubmed Central PMCID: PMC4734118.
24. Mombelli G, Zanaboni AM, Gaito S, Sirtori CR. Large waist circumference with normal BMI identifies a
significant subset of Italian female patients with the metabolic syndrome—a high risk presentation? Ath-
erosclerosis. 2009 Oct; 206(2):340–2. https://doi.org/10.1016/j.atherosclerosis.2009.02.036 PMID:
19356758.
25. Ashwell M, Gibson S. Waist-to-height ratio as an indicator of ’early health risk’: simpler and more predic-
tive than using a ’matrix’ based on BMI and waist circumference. BMJ Open. 2016 Mar 14; 6(3):
e010159. https://doi.org/10.1136/bmjopen-2015-010159 PMID: 26975935. Pubmed Central PMCID:
PMC4800150.
26. Rana JS, Tabada GH, Solomon MD, Lo JC, Jaffe MG, Sung SH, et al. Accuracy of the Atherosclerotic
Cardiovascular Risk Equation in a Large Contemporary, Multiethnic Population. J Am Coll Cardiol.
2016 May 10; 67(18):2118–30. https://doi.org/10.1016/j.jacc.2016.02.055 PMID: 27151343. Pubmed
Central PMCID: PMC5097466.
27. Lee JJ, Pedley A, Hoffmann U, Massaro JM, Fox CS. Association of Changes in Abdominal Fat Quan-
tity and Quality With Incident Cardiovascular Disease Risk Factors. J Am Coll Cardiol. 2016 Oct 04; 68
(14):1509–21. https://doi.org/10.1016/j.jacc.2016.06.067 PMID: 27687192.
28. Sun K, Kusminski CM, Scherer PE. Adipose tissue remodeling and obesity. J Clin Invest. 2011 Jun; 121
(6):2094–101. https://doi.org/10.1172/JCI45887 PMID: 21633177. Pubmed Central PMCID:
PMC3104761.
29. Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY, et al. Abdominal visceral and
subcutaneous adipose tissue compartments: association with metabolic risk factors in the Framingham
Heart Study. Circulation. 2007 Jul 03; 116(1):39–48. https://doi.org/10.1161/CIRCULATIONAHA.106.
675355 PMID: 17576866.
Body variables in metabolic syndrome
PLOS ONE | https://doi.org/10.1371/journal.pone.0192751 February 12, 2018 10 / 10
